Background. Although the randomized controlled trial (RCT) is widely considered the most reliable method for evaluation of health care interventions, challenges to both internal and external validity exist. Thus, the efficacy of an intervention in a trial setting does not necessarily represent the real-world performance that decision makers seek to inform comparative effectiveness studies and economic evaluations. Methods. Using data from the ASCUS-LSIL Triage Study (ALTS), we performed a simplified economic evaluation of age-based management strategies to detect cervical intraepithelial neoplasia grade 3 (CIN3) among women who were referred to the study with low-grade squamous intraepithelial lesions (LSIL). We used data from the trial itself to adjust for 1) potential lead time bias and random error that led to variation in the observed prevalence of CIN3 by study arm and 2) potential ascertainment bias among providers in the most aggressive management arm. Results. We found that using unadjusted RCT data may result in counterintuitive cost-effectiveness results when random error and/or bias are present. Following adjustment, the rank order of management strategies changed for 2 of the 3 age groups we considered. Conclusions. Decision analysts need to examine study design, available trial data, and cost-effectiveness results closely in order to detect evidence of potential bias. Adjustment for random error and bias in RCTs may yield different policy conclusions relative to unadjusted trial data. Positive Colposcopies, n Positive Predictive Value, % (95% CI) Positive Colposcopies, n Positive Predictive Value, % (95% CI) Positive Colposcopies, n Positive Predictive Value, % (95% CI) Positive Colposcopies, n Positive Predictive Value, % (95% CI) P Value b
A lthough the randomized controlled trial (RCT) is considered the most reliable method for evaluation of health care interventions, 1,2 the use of RCT data for estimating the health impact of interventions for economic evaluations may be problematic. [3] [4] [5] Beyond threats to internal validity, including random error and bias, there are challenges to external validity as well. Due to strict exclusion criteria invoked in subject selection, 3 and high intensity of testing and care under protocol, 4 intervention efficacy in a trial setting does not necessarily represent the real-world performance that decision makers seek to inform analyses of comparative effectiveness.
Eddy notes that, in the process of evaluating medical technologies, a common heuristic in dealing with threats to validity is to either 1) designate the bias as "acceptable" and take a study's findings at "face value" or 2) determine the bias is "unacceptable" and disregard the study. 6 As an alternative to these extreme approaches, Eddy argues for a middle ground that involves estimating the magnitude of biases and adjusting for them in a formal way, relying on the adjusted results for decision-making purposes. Using this general framework, Rittenhouse has adjusted RCT data to demonstrate the impact of strict exclusion criteria on cost-effectiveness analysis. 3 Other economic evaluations have adjusted RCT data to correct for the artificial conditions under which intervention effectiveness is measured. 5, 7 We use data from the atypical squamous cells of undetermined significance (ASCUS)-low-grade squamous intraepithelial lesion (LSIL) Triage Study (ALTS), a randomized multicenter trial, sponsored by the National Cancer Institute (NCI) from 1997 to 2001, to demonstrate the pitfalls of using unadjusted RCT data in a decision analytic model. In this article, we apply Eddy's general framework to inform an economic evaluation of age-based management protocols for women with LSIL cervical cytology results. We present a simple method of correcting for random error and bias in study design using data from the trial itself, and show that such adjustments lead to different policy conclusions relative to unadjusted trial data.
THE ASCUS-LSIL TRIAGE STUDY (ALTS) (APPENDIx TAbLE 1)
Approximately 15 carcinogenic types of human papillomavirus (HPV) cause virtually all cases of cervical cancer, but the vast majority of infections are benign and clear within 1 to 2 years of sexual acquisition. 8 Widespread screening with cervical cytology can reduce the incidence of cervical cancer through detection and treatment of precancerous lesions. 9 More than 50 million Pap smears are performed in the United States each year, and more than 5% of results are reported as abnormal. 10 While health care providers generally agree that cytologically diagnosed high-grade squamous intraepithelial lesions (HSILs) should be further evaluated with colposcopy and biopsy, optimal management of approximately 3 million women with cytological results of LSIL and ASC-US a is less straightforward. 11 An LSIL classification indicates an acute HPV infection. 12 Some LSIL heralds the presence of high-grade precancer, histological cervical intraepithelial neoplasia grade 3 (CIN3) (Figure 1) . ASC-US is the most common abnormality in the United States, forming the boundary between normal and abnormal cytological interpretations. A sizable fraction of CIN3 and higher are detected by ASC-US cytology due to the commonality of the result and the fact that some represent true abnormalities. 12 Colposcopically directed biopsy to assess disease severity is costly and likely leads to overtreatment of lesions that may spontaneously regress. Yet many clinicians are hesitant to pursue less aggressive followup measures for fear of missing CIN3. 13, 14 ALTS compared 3 methods of managing women with ASC-US or LSIL cytological interpretations 15 for the timely detection of CIN3. Although the treatment threshold in the trial and in current practice is CIN grade 2 and higher (CIN2+), CIN2 is not a reliable Figure 1 Natural history of cervical carcinogenesis. HPV incidence peaks around the time of sexual debut, and while most infections are benign and clear within 1 to 2 years of sexual transmission, some will persist. Persistent infections with any of the 10 to 15 carcinogenic HPV types are at risk of developing into precancer. Histologically confirmed CIN3 is at high risk of progressing to cancer and requires definitive treatment. HPV = human papillomavirus; CIN = cervical intraepithelial neoplasia. From Schiffman and Kjaer, 13 with permission of Oxford University Press.
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CAMPOS AND OTHERS indication of precancer; it may be caused by noncarcinogenic HPV types and frequently regresses. 8 CIN3 detection was chosen as the primary outcome of interest because histologically confirmed CIN3 is at high risk of progressing to invasive cancer and requires definitive treatment. 16 The 3 arms of the trial included 1) immediate colposcopy (IC) and directed biopsy (all women were sent to colposcopy at enrollment); 2) conservative management (CM) (women received colposcopy only if enrollment or any follow-up cytology at 6-month intervals was HSIL or above [HSIL+]); and 3) HPV DNA testing with the Hybrid Capture 2 test (HC2) (Qiagen, Gaithersburg, MD) (colposcopy only if the enrollment HC2 test result was positive for carcinogenic HPV or missing or enrollment cytology was HSIL+). IC was considered to have optimal sensitivity (and thus safety against cancer risk) but might lead to costly overtreatment and its sequelae, 14 whereas CM presumably allowed for some lesions to resolve spontaneously but may have posed a greater cancer risk. Detection of carcinogenic HPV was considered as a means of triaging women to colposcopy based on high (carcinogenic HPV+) risk of precancer and cancer. 17 HPV DNA testing could be a useful triage tool if carcinogenic HPV infections are not detected in the vast majority of women with ASC-US or LSIL and if the detection of carcinogenic HPV is sensitive for CIN3.
Cost data were not collected as part of the study. Two published studies, one from a long-term societal perspective 18 and one from the short-term perspective of ALTS, 19 have estimated the cost-effectiveness of management strategies for women in the United States with an ASC-US referral. Both found HPV triage to colposcopy an attractive option for women with ASC-US cytology results, regardless of age. To our knowledge, there are no published studies on the cost-effectiveness of LSIL management in the United States. As of 2009, clinical guidelines in the United States recommend that cervical cancer screening should begin at age 21 years, 9 with referral to colposcopy and biopsy for those with LSIL results. 20 Given the decreasing prevalence of carcinogenic types of HPV as women age, even among those with LSIL cytology results, [21] [22] [23] the present analysis examines the cost-effectiveness of management strategies for LSIL women in ALTS according to age strata to discern whether HPV DNA testing may be an attractive option for triaging older women to colposcopy. We demonstrate how cost-effectiveness results may change following adjustment for random error and bias in trial design.
METHODS
All women in ALTS received pelvic examinations, Pap smears, and HPV DNA testing at enrollment and every 6 months for 2 years. After the enrollment pelvic examination and specimen collection, women randomized to the IC arm received same-day colposcopy or, if unable to stay, were given an appointment to return for colposcopy (ideally within 3 weeks). 15 Women randomized to the HPV and CM arms were not triaged to colposcopy until enrollment test results were available several weeks after the enrollment visit. Regardless of study arm, women with a cytology result of HSIL during follow-up were referred to colposcopy or received safety notification. Women diagnosed as CIN2+ by the clinical center or CIN3+ by the quality control (QC) pathology group were treated by excision. At exit, colposcopy was performed on all women to capture any missed disease. The primary study end point was a worst QC pathology diagnosis of CIN3 throughout the 2-year study. b The ALTS protocol was reviewed and approved by institutional review boards at the NCI and each participating clinical center. All study participants provided written informed consent.
The HPV arm for women referred with an LSIL cytology interpretation closed early after an interim analysis revealed that 83% were triaged to colposcopy based on a positive HPV DNA test result. 24 Investigators estimated the high prevalence of carcinogenic HPV infections would limit the usefulness of HPV DNA testing as a triage mechanism for women with LSIL, with the expected cost of HPV testing likely outweighing potential savings from avoiding colposcopy in 20% to 27% of women. 24 An interim safety analysis revealed that CM was not sufficiently sensitive for detection of CIN3 among women with an LSIL referral. Consequently, women in the LSIL CM arm who had not previously been triaged to colposcopy were referred to this procedure at their next visit as the result of a protocol modification in July 1999. 25
Study Sample
We restricted the present analysis to the 1572 women in ALTS with a referral interpretation of LSIL. We excluded those with missing QC pathology diagnoses (n = 6) as uninformative and women with cancer detected at enrollment (n = 4) as a preexisting condition that was unrelated to the management strategy. We included 1 case of cancer in the CM arm that was not detected until 18 months into the study and was therefore considered a failure
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of the arm. Our sample included 669 women, 222 women, and 671 women in the IC, HPV, and CM arms, respectively. We stratified women into the following age tertiles: <21 years, 21 to 24 years, and ≥25 years.
Decision Model
Analytic overview. We modified a decision analytic model previously used to evaluate the short-term costs and effectiveness of management strategies for women with ASC-US. 19 An overview of the model is shown in Figure 2 .
We conducted this analysis from a payer perspective. Our measure of effectiveness for each management strategy was the number of clinical center diagnoses of CIN2+ (at enrollment for the IC and HPV arms; at enrollment, 6-month, and 12-month visits for the CM arm) among women with a worst 2-year QC pathology group diagnosis of CIN3 because the clinical center diagnosis of CIN2+ led to immediate treatment of women with the primary end point, as it does in realworld practice. Due to the short-term horizon of the trial, we did not discount costs or effectiveness measures, as would be recommended in a costeffectiveness analysis from a societal perspective. 26 The Figure 2 Model overview. This figure displays the general structure of the decision tree model 19 
CAMPOS AND OTHERS
relative performance of each management strategy was expressed as an incremental cost-effectiveness ratio (ICER), defined as the incremental cost divided by the incremental effectiveness of a strategy compared to the next most costly strategy, after eliminating strategies that were dominated (i.e., more costly and less effective than other strategies or having a higher ICER than more effective strategies). The ICER was expressed as the cost per case of CIN3 detected at the clinical centers.
Effectiveness data. Primary data from ALTS were used to calculate the probability of events in the model. The proportions of women in each model health state-normal, CIN1, CIN2, and CIN3-were based on worst 2-year QC pathology group diagnosis. The probabilities of a positive triage test result and of a clinical center diagnosis of CIN2+ on biopsy were conditioned on health state. Women who were referred to but did not participate in colposcopy at the specified visit did not incur costs of colposcopy and were not eligible for case detection. Women who missed one or more visits in the CM arm did not incur costs of Pap smear or colposcopy and were not eligible for case detection at the missed visit but could incur such costs or benefit from case detection if they received a Pap smear and referral to colposcopy at a subsequent visit. Table 1 displays the distribution of trial parameters that determine the effectiveness and cost-effectiveness of management strategies by study arm and age tertile. We calculated exact binomial 95% confidence intervals for proportions. Fisher exact tests were used to assess associations between age tertiles (within study arm) and study arms (within age tertile). When P < 0.05, a Tukey-type multiple comparison test for proportions was used to discern which groups were significantly different from each other. 27 Although prevalence of CIN3 increased slightly with age but did not vary significantly between study arms or age tertiles, it was highest in the HPV arm and lowest in the CM arm, with the difference perhaps due to the lead time detection of small prevalent lesions in the HPV arm that would have otherwise regressed. c We note the relatively higher CIN3 prevalence among women in the oldest tertile of the HPV arm (22.1%) compared with the other arms and age tertiles (~13%-16%), which we attribute in part to random error as a result of small sample size of the HPV arm (which closed early). As expected, colposcopic referrals were significantly different between all study arms across all age tertiles (P < 0.0001), with the lowest percentage of referrals in the CM arm. While performance of management strategy for detection of CIN3 did not vary significantly between study arms or age tertiles, sensitivity of colposcopy was higher in the CM and HPV arms than in the IC arm, especially in women in the youngest tertile of age (P = 0.008). We hypothesize that the lower sensitivity in the IC arm may in part be due to colposcopists' perception of lower risk among women who were automatically referred at enrollment as opposed to those referred several weeks later for abnormal triage test results (as in the HPV and CM arms). There was a significant association between study arm and positive predictive value of colposcopy in the youngest tertile (P = 0.03).
Costs. Costs are displayed in Table 2 . We considered only direct medical costs that would be accrued to detect CIN3 using each management strategy in a clinical setting and ignored costs that would have accrued due to protocol-driven follow-up. We used Medicare reimbursement rates to estimate costs. 28, 29 Model assumptions. We made the following assumptions: 1) only clinical center colposcopy results from the enrollment visit were considered in the IC and HPV arms, and those from the enrollment, 6-month, and 12-month visits were considered in the CM arm; 2) women were censored from the model and could not accrue further costs or case detection after their initial clinical center colposcopy; 3) HPV DNA testing in the HPV arm was assumed to be reflex testing of liquidbased cytological samples from the referral visit and thus did not require an additional office visit; 4) women with missing HPV DNA test results were sent to colposcopy, as in the study; 5) testing positive in the CM arm was calculated separately for the enrollment, 6-month, and 12-month visits, conditional on participation and testing <HSIL at previous visits; and 6) women in the CM arm who underwent the protocol modification were censored from the analysis thereafter.
Analysis. First, we conducted a cost-effectiveness analysis of age-based management of women with LSIL cytology results using unadjusted ALTS data (i.e., all probabilities in the model were derived from ALTS data on corresponding study arm and age tertile) (Step 1). In a second step, we adjusted for potential lead time bias in CIN3 detection and random error by using the same prevalence distribution of model health states for each study arm (Step 2a) and independently adjusted for ascertainment bias by informing colposcopic performance in a subgroup of the IC arm with data from a clinically comparable subgroup of the HPV arm (Step 2b). Finally, we adjusted for both lead time bias/random error and ascertainment bias simultaneously (Step 3). Note: We excluded 2 (IC), 1 (HPV), and 1 (CM) cases of cancer detected at enrollment, although there was 1 cancer case included in the oldest tertile of the CM arm that was not detected until 18 months; this was a major failure of the arm. We report exact binomial confidence intervals. IC = immediate colposcopy arm; HPV = HPV DNA triage arm; CM = conservative management arm; CIN3 = cervical intraepithelial neoplasia grade 3. a. P values from Fisher exact test for comparison of age tertiles within each study arm were not significant. b. P values from Fisher exact test for comparison between study arms. The CM arm (overall), as opposed to by visit, was compared to other arms. A Tukey-type multiple comparison test for proportions demonstrated that associations found for colposcopic referrals were significantly different between all 3 study arms, and sensitivity of colposcopy and positive predictive value were significantly different between the IC and CM arms in the youngest age tertile. c. Percentage referred is out of the total number of women in the arm, regardless of missed visits. For IC and HPV referrals, only enrollment visit referrals are considered. For CM referrals, the enrollment, 6-month, and 12-month visit referrals are considered. We present results for the CM arm overall and by visit; the number of women in the arm decreases by visit as we censor women with HSIL+ and/or colposcopy at previous visits. For HPV referrals, missing results were defaulted as positive and referred to colposcopy. d. "Performance of management strategy for detection of CIN3" is defined as the probability of a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, or 12-month visit in the CM arm) among women in an arm who have a worst 2-year QC pathology group diagnosis of CIN3 and thus conveys the combined sensitivity of the triage test (in the case of the HPV and CM arms) and clinical center colposcopy at identifying women with CIN3. For the CM arm, we present results overall and by visit; the number of CIN3 cases decreases by visit as we censor women with HSIL+ and/or colposcopy at previous visits. e. "Sensitivity of colposcopy for detection of CIN3" is defined as the probability of a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, and 12-month visits in the CM arm) among women in an arm who have a worst 2-year QC pathology group diagnosis of CIN3 who were referred to colposcopy; this measure assesses the performance of colposcopy within an arm and does not account for how women got to colposcopy. For the CM arm, we present results overall and by visit; the number of CIN3 cases by visit represents the number referred due to HSIL+ at that visit. f. "Positive predictive value of colposcopy for detection of CIN3" is defined as the probability of having a worst 2-year QC pathology group diagnosis of CIN3 among women who received a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, or 12-month visits in the CM arm).
To arrive at a prevalence distribution of model health states for each age tertile (Step 2a), we calculated a weighted average of the prevalence of each state (i.e., normal, CIN1, CIN2, CIN3) across all 3 arms. This distribution should allow us to reflect age trends in the prevalence of health states but will not favor one management strategy over another in cost-effectiveness analysis as the result of there being more cases of CIN3 detected in a particular arm over the course of the study.
To adjust for ascertainment bias among colposcopists (Step 2b), we estimated the extent to which greater colposcopic sensitivity in the HPV and CM arms was due to the clinical profile of women referred to colposcopy versus different management resulting from provider knowledge of the study arm. Published literature suggests that colposcopy is more sensitive to detect CIN2+ among women with an HSIL+ cytology result than in women with <HSIL on cytology due to the correlation between HSIL+ on cytology and size of a lesion. 30, 31 Data from ALTS suggest that HPV16 may cause more visual abnormalities than other HPV types, even after controlling for histological diagnosis. 32 We thus restricted CIN3 cases in each arm to those that were HC2+ (at enrollment in the IC and HPV arms and at the visit of referral to colposcopy in the CM arm) d and stratified these cases based on cytology result at enrollment (<HSIL v. HSIL+). In the CM arm, clinical center colposcopy results were only available for women with HSIL+ ( Table 3 ). While sensitivity of colposcopy to detect CIN3 was uniformly high across arms among women with HC2+ and HSIL+ at enrollment (all ages: Fisher exact, P = 0.7), sensitivity was lower in the IC arm relative to the HPV arm among women with HC2+ and <HSIL (all ages: Fisher exact, P = 0.02). We explored how management of these women (CIN3, HC2+, <HSIL) may have differed between the IC and HPV arms but were unable to determine a mechanism for differences in colposcopic performance based on examination of provider type, number of biopsies taken, 33 and severity of clinical center colposcopic impressions (Appendix Tables 3-5) . Among women with similar clinical profiles and seemingly smaller lesions (CIN3, HC2+, <HSIL), we adjusted colposcopic performance in our model as follows (Step 2b). In the IC arm, we stratified women with CIN3 in the model based on whether they were HC2-or HC2+. Among the few women who were HC2-(youngest tertile: n = 0; middle tertile: n = 3; oldest tertile: n = 3), we made no adjustment, as we had no better data to inform sensitivity of colposcopy in this subgroup. Among HC2+ women, we further stratified on whether they were HSIL+ and <HSIL at enrollment. For those with HSIL+ on enrollment cytology, we made no adjustment, given the similarity in colposcopic performance between arms in this subgroup. For women with <HSIL on enrollment cytology, we used colposcopic performance data from women with a comparable profile (HC2+, <HSIL) in the HPV arm.
RESULTS
Step 1: Unadjusted ALTS Data
Results from the unadjusted analysis are presented in Table 4 . One repeat cytology visit (CM first visit) was the least costly and least effective strategy across age tertiles. HPV triage to colposcopy was the most effective strategy across tertiles and, contrary to expectations, consistently dominated other strategies. We explored the impact of 2 potential sources of bias that led to these counterintuitive cost-effectiveness results-variation in prevalence of CIN3 by arm and potential ascertainment bias at colposcopy-separately (Steps 2a and 2b) and together (Step 3).
Step 2a: Adjustment for Variation in Prevalence of CIN3
When we used the same prevalence distribution of health states across study arms, ICERs for HPV triage to colposcopy became relatively less attractive than in Step 1 ( Table 4 ). Effectiveness of HPV triage decreased because prevalence of CIN3, which had been slightly higher in the HPV triage arm than the IC arm in all age tertiles (Table 1) , declined. With fewer cases of CIN3 in the HPV arm, the cost per case detected increased. While HPV triage remained the most attractive strategy (i.e., most effective and had the lowest ICER) in women under 25 years, and had the lowest ICER among women 25 years and over, IC was the most effective strategy among women 25 years and over, yielding an ICER of $3260 per CIN3 detected compared to HPV testing.
Step 2b: Adjustment for Potential Ascertainment bias among Colposcopists in the IC Arm
When we adjusted performance of colposcopy among women in the IC arm with CIN3 who were HC2+ with <HSIL on enrollment cytology, IC became the most effective strategy in the youngest tertile, as the sensitivity of colposcopy improved. However, IC remained more costly and less effective than HPV triage in women over 21 years (Table 4 ). HPV triage remained the strategy with the lowest ICER in all age tertiles, as with unadjusted trial data.
Step 3: Simultaneous Adjustment for Variation in Prevalence of CIN3 and Ascertainment bias
Compared to the unadjusted data, standardizing CIN3 prevalence and adjusting colposcopic performance in the IC arm resulted in IC becoming the most attractive strategy (i.e., most effective and lowest ICER) in women under 21 years and 25 years and over. HPV triage remained the most attractive strategy in women aged 21 to 24 years because of its superior effectiveness and low cost in this age group. Note: Colposcopic performance in the IC and HPV arms is evaluated at the enrollment visit and in the CM arm is evaluated at the enrollment, 6-month, and 12-month visits combined. We report exact binomial confidence intervals. HSIL+ = high-grade squamous intraepithelial lesion on cytology; <HSIL = less than high-grade squamous intraepithelial lesion on cytology (i.e., normal, ASC-US, ASC-H, LSIL); CIN3 = cervical intraepithelial neoplasia grade 3; HC2+ = Hybrid Capture 2 positive or missing at enrollment in the IC and HPV arms (n = 3 missing in IC arm; n = 1 missing in HPV arm among women with CIN3) or at the visit of colposcopic referral for HSIL+ in the CM arm (n = 0 missing among women with CIN3). a. "Sensitivity of colposcopy for detection of CIN3" is defined as the probability of a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, and 12-month visits in the CM arm) among women in an arm who have a worst 2-year QC pathology group diagnosis of CIN3 who were referred to colposcopy. For the CM arm, we present results overall and by visit; the number of CIN3 cases by visit represents the number referred due to HSIL+ at that visit. "Positive predictive value of colposcopy for detection of CIN3" is defined as the probability of having a worst 2-year QC pathology group diagnosis of CIN3 among women who received a histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, or 12-month visits in the CM arm) at a clinical center. 
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DISCUSSION
Our analysis demonstrates that economic evaluation results based on RCT data may change following adjustment for random error and biases in study design. We used ALTS data to evaluate the cost-effectiveness of strategies for CIN3 detection in women referred to the study with LSIL cytology results to determine whether there might be a role for HPV triage to colposcopy at older ages when HPV prevalence declines. While the use of unadjusted ALTS data leads to the finding that HPV triage is the most effective strategy and has the lowest ICER in all age groups, adjustments for variation in the prevalence of CIN3 between arms and possible ascertainment bias by clinical center colposcopists suggest that there may not be a role for HPV triage among women with LSIL. Despite our efforts at adjustment, the small sample size in the HPV arm, due to early closure, limits our power to detect age trends and significant predictors of colposcopic sensitivity. It also limits our power to discern true differences in colposcopic performance between arms from differences due to statistical noise.
As an economic evaluation, our analysis is limited in scope and is not intended to inform policy. It was conducted from a payer perspective with a short time horizon that ends at colposcopy. We did not include costs of treatment and did not capture the long-term societal economic, health, or quality of life impacts associated with positive colposcopy/ biopsy interpretations (such as adverse events and long-term sequelae associated with treatment) or missed precancers. Extending the time horizon is beyond the scope of the present analysis. We demonstrate the range of policy conclusions that can be drawn in economic analysis when RCT data are taken at "face value" versus when we adjust for potential biases in study design.
Our adjustment for variation in prevalence of CIN3 between arms was simple (Step 2a) and involved calculating a weighted average across arms. Theoretically, given a large sample and no difference in lead time between arms, prevalence of CIN3 should have been uniform across study arms. In women under 25 years, the adjustment had minimal impact, changing prevalence of CIN3 by only 1% to 2%. ICERs associated with HPV triage increased slightly, as the cost per case of CIN3 detected was spread over fewer cases. In women over 25 years, however, CIN3 prevalence fell by nearly 6% as the result of adjustment, making IC the most effective strategy.
Inferior performance of colposcopy among women in the IC arm relative to the HPV arm, even after controlling for HPV status and enrollment cytology results, was presumably due to ascertainment bias. We hypothesize that the immediacy of colposcopy in relation to the enrollment visit alerted colposcopists that women were assigned to the IC arm. Colposcopists may have perceived these women as having lower risk of precancer than those in the HPV and CM arms, who were referred to colposcopy based on abnormal test results. The apparent bias occurred primarily in women with small lesions (i.e., <HSIL on enrollment cytology, younger women) and may have led to less effective targeting of biopsies by providers. Following adjustment of colposcopic performance in the IC arm (Step 2b), IC was the most effective strategy in the youngest tertile, although HPV triage was more effective and had a lower cost-effectiveness ratio in women over 21 years.
Simultaneous adjustment for variation in CIN3 prevalence and ascertainment bias (Step 3) suggested that IC was the most effective strategy to detect CIN3 and had the lowest cost per case of CIN3 detected among women with LSIL under 21 years or 25 years and older.
Although our adjustments to CIN3 prevalence were within the confidence intervals for each study arm, and might have been assessed in sensitivity analysis, we emphasize the importance of incorporating adjustments into baseline assumptions when the analyst is confident that random error or bias is present. As Rittenhouse notes, "[t]he baseline case takes on an aura of having a greater likelihood of being correct if for no other reason than it represents the assumptions that dominate any report of results." 3 Given the weight of baseline assumptions in decision making, these (rather than sensitivity analyses) should reflect our best sense of clinical realities. 3 There are limitations associated with our adjustment of colposcopic sensitivity in the IC arm. We did not adjust for sensitivity among women with HC2+ and HSIL+ because there was little indication of ascertainment bias in this subgroup, as the IC arm performed comparably, if not better than, the CM arm in all age tertiles. In 21 to 24 year olds with HC2+ and HSIL+, colposcopy in the IC arm detected 70% of CIN3 cases that were referred, while 100% of referred CIN3 cases were detected in the HPV arm (Table 3 ). While this difference was not statistically significant, the magnitude was large enough to make HPV triage the most effective strategy in this age group. We also did not adjust performance of colposcopy among women with CIN3 in the IC arm who were HC2-, as there was no comparable subgroup in the HPV and CM arms. Excluding these few women (n = 3 in 21-24 year olds; n = 3 in 25 years and older) did not change the rank order of strategies.
Our method of adjustment assumes that colposcopy in the IC arm underperformed as a result of providers' knowledge of group. We cannot rule out a scenario in which the HPV and CM arms overperformed as a result of review bias arising from providers' knowledge of abnormal test results. While it is unlikely that colposcopists were aware of particular HC2 or cytology results from enrollment, the lag time between enrollment and the colposcopy visit was an indication of abnormal triage results. If the discrepancy in colposcopic sensitivity between arms is due to review bias rather than ascertainment bias, it would be more appropriate to inform sensitivity in the HPV arm with data from the IC arm instead of vice versa. An exploratory analysis in which we adjusted for both variation in CIN3 prevalence and review bias (by informing colposcopic sensitivity among <HSIL women in the HPV arm with data from <HSIL, HC2+ women in the IC arm) yielded a similar rank ordering of strategies as the model in Step 3 of the present analysis (Appendix Table 6 ). Although ICERs were relatively higher due to the lower effectiveness of IC under this method of adjustment, IC was the most effective strategy and had the lowest ICER in the youngest and oldest tertiles, while HPV triage had the lowest ICER in the middle tertile. It is possible that both review and ascertainment bias were at work in ALTS, but we cannot discern the relative magnitude of either bias. We believe that underperformance in the IC arm was more influential than overperformance in the HPV arm based on the surprisingly low sensitivity of IC in the trial.
In real-world clinical practice, availability (or lack) of triage test results may affect how colposcopy is done. The fact that ALTS data capture this tendency is not necessarily problematic from the standpoint of economic evaluation if sensitivity is influenced by triage test availability in clinical practice. However, if colposcopists in the trial behaved differently not only because they were aware of study arm or triage results but also because they were self-conscious about protocol-driven review of their evaluations, this is a type of Hawthorne effect and is problematic from the standpoint of economic evaluation. 34 It is not possible to distinguish real-world provider behavior from a Hawthorne effect using trial data.
The threshold of HC2 positivity at which HPV triage might be cost-effective in a population of women with LSIL cytology results is of great interest to policy makers. Unfortunately, due to the importance of colposcopic sensitivity in assessing cost-effectiveness, and the remaining uncertainty in this parameter in the IC and HPV arms despite our best efforts at adjustment, we are unable to address this issue with precision. We emphasize the need for data on colposcopic performance-how performance varies by provider type, the influence of procedural factors, and how colposcopists use information from triage tests in routine clinical practice-to inform comparative effectiveness studies and economic evaluations.
Rather than approaching ALTS data with the view that either 1) its limitations are acceptable and data should be taken at "face value" or 2) its limitations and biases are unacceptable and the data should be ignored for purposes of economic analysis, we sought a middle ground by adjusting for variation in prevalence of CIN3 and possible ascertainment bias using data from the trial itself. While there are more statistically rigorous ways to adjust for biases using Bayesian methods (e.g., the confidence profile method described by Eddy), 35 our goal was to present a method of adjustment that was straightforward and grounded in understanding of trial design, clinical presentation of disease, and test performance. Eddy himself laments that the complexity of his method hampers its use among many researchers who assess health technologies. 36 Adjustments for random error and potential bias may not always impact policy conclusions, and the present analysis does not invalidate previously published findings from ALTS. A reanalysis of women referred to ALTS with ASC-US revealed that even after adjusting for possible variation in CIN3 prevalence and ascertainment bias (Appendix Tables 7-9), HPV triage remained the strategy with the lowest ICER in all age quartiles and the most effective strategy in women over age 25 years (Appendix Table 10 ). This is in line with other cost-effectiveness studies (including one based on ALTS data) that have found HPV triage to be an attractive strategy for women with ASC-US. 18, 19 When evidence of bias is not pronounced, or a strategy is robustly attractive even as influential parameters are varied, adjusting for potential bias may not alter policy conclusions. The decision analyst must examine RCT design when the results of economic evaluation are sensitive to reasonable variation in trial parameters. Even when the unavailability of individual-level data prevents thorough examination of mechanisms for bias, the
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analyst can attempt crude adjustments (with varying levels of conservatism) based on published figures from the RCT (Appendix). If the optimal strategies shift when using reasonably adjusted versus unadjusted data, the analyst will be aware that the foundation of the economic evaluation is tenuous.
We present our methods of adjustment to demonstrate the potential pitfalls of taking RCT data at face value without consideration of biases in study design. Random error and biases may be present even in well-designed RCTs, and our analysis reveals that these may not always be obvious or readily confirmed, even when individual-level trial data are available. We assert that decision analysts need to examine study design, available trial data, and cost-effectiveness results closely in order to detect evidence of potential bias. Even if bias cannot be confirmed, efforts should be made to adjust the data and assess the impact of potential bias on policy conclusions. Failure to adjust RCT data may yield counterintuitive results in economic evaluation. years were significantly different between the IC and CM arms, and prevalence of CIN2/3 in women 21 to 24 years was significantly different between the IC and CM arms. c. "Performance of management strategy for detection of CIN2/3" is defined as the probability of a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, or 12-month visit in the CM arm) among women in an arm who have a worst 2-year QC pathology group diagnosis of CIN2/3 and thus conveys the combined sensitivity of the triage test (in the case of the HPV and CM arms) and clinical center colposcopy at identifying women with CIN2/3.
APPENDIx Appendix
d. "Sensitivity of colposcopy for detection of CIN2/3" is defined as the probability of a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, and 12-month visits in the CM arm) among women in an arm who have a worst 2-year QC pathology group diagnosis of CIN2/3 who were referred to colposcopy;
this measure assesses the performance of colposcopy within an arm and does not account for how women got to colposcopy. e. "Positive predictive value of colposcopy for detection of CIN2/3" is defined as the probability of having a worst 2-year QC pathology group diagnosis of CIN2/3 among women who received a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, or 12-month visits in the CM arm).
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Appendix Note: Women who did not participate in colposcopy at enrollment, or had missing colposcopy or biopsy results, are excluded. CIN3 = cervical intraepithelial neoplasia grade 3; <HSIL = less than high-grade squamous intraepithelial lesion on cytology (i.e., normal, ASC-US, ASC-H, LSIL); HC2+ = Hybrid Capture 2 positive or missing at enrollment. Distribution of providers was not associated with study arm (Fisher exact, P = 0.5). a. By Fisher exact test: IC arm versus HPV arm for provider type. b. By Fisher exact test: provider types within study arm.
Appendix d. Dominated strategy (i.e., was more costly and less effective than other strategies or had a higher ICER than more effective strategies).
Supplementary Results for Women Referred to ALTS with a Diagnosis of ASC-US
We assessed the cost-effectiveness of triage strategies for women referred to ALTS with an ASC-US diagnosis in order to observe the effect of data adjustments for variation in CIN3 prevalence and potential ascertainment bias on this population. a We stratified women into age quartiles (<22 years, 22-25 years, 26-33 years, and ≥34 years). We assessed the distribution of key trial parameters that determine the effectiveness and cost-effectiveness of management strategies by study arm and age quartile (Appendix Table 7 ).
As expected, the prevalence of CIN3 in ASC-US women was slightly lower than that in LSIL women ( Table 1 ). In ASC-US women, there did not appear to be evidence of a lead time bias in the HPV or IC arms, as the prevalence of CIN3 was not consistently highest in any particular arm. There is apparent random fluctuation in CIN3 prevalence by study arm. Unlike LSIL women, in whom we found no evidence of increasing CIN3 prevalence with age, the prevalence of CIN3 in women with an ASC-US referral is significantly associated with age. Women ≥34 years have a significantly lower prevalence of CIN3 across study arms. There is a significant association between study arm and the proportion of women referred to colposcopy in all age quartiles (P < 0.0001). In both the HPV and CM arms, there is a trend toward fewer colposcopic referrals as women age (HPV arm: P < 0.0001; CM arm: P = 0.0001). In all but the youngest quartile, overall performance of management strategy was superior in the HPV arm but only significantly so in the oldest quartile (P = 0.006).
There was a significant or marginally significant association between study arm and sensitivity of colposcopy in all quartiles except for 26 to 33 year olds. In all but the oldest quartile, the sensitivity of colposcopy was highest in the CM arm, likely due to enhanced visualization of HSIL+. The low sensitivity of the CM arm (50.0%) relative to the HPV arm (85.7%) in the oldest quartile is likely due to the small number of CIN3 cases referred in the CM arm (n = 4) and is probably due to chance. In all but the oldest age quartile, the sensitivity of colposcopy is 10% to 20% higher in the HPV arm than in the IC arm. In the oldest quartile, sensitivity is 63% higher in the HPV arm than the IC arm (P = 0.02). There was a significant or marginally significant association between positive predictive value and study arm in women <22 years old and women 26 to 33 years old, with positive predictive value being highest in the CM arm and lowest in the IC arm.
To further investigate the association between sensitivity of colposcopy to detect CIN3 and study arm, we stratified women who were HC2+ (or had missing HC2 results) at enrollment according to enrollment cytology (<HSIL v. HSIL+). Results for all ages (Appendix Table 8 ) and by age quartile (Appendix Table 9 ) are shown below.
When we included women of all ages who were HC2+/HC2 missing and stratified according to cytology result, there was a marginally significant association between study arm and sensitivity of colposcopy among women with <HSIL (P = 0.06) but not among women with HSIL+ (P = 0.1) (Appendix Table 8 ). Colposcopic sensitivity was highest in the HPV arm, even among women with a comparable clinical profile. There was also a marginally significant association between positive predictive value of colposcopy and study arm for women with enrollment cytology <HSIL (P = 0.07). Positive predictive value was significantly different for <HSIL versus HSIL+ within the IC arm (P = 0.02) but not within the HPV arm (P = 0.1).
When we stratified by age quartile (Appendix Table 9 ), the association between study arm and sensitivity of colposcopy among women with HSIL+ was nonsignificant, although sensitivity of colposcopy was always highest in the HPV arm. Among women with <HSIL who were <22 years old, sensitivity was significantly higher in the HPV arm than the IC arm. There was no association between study arm and positive predictive value of colposcopy, regardless of age quartile or cytology result (Appendix Table 9 ).
As when we analyzed women with an LSIL referral, we first present cost-effectiveness results for unadjusted trial data (Step 1). b We then present costeffectiveness results after trial data were adjusted for variation in CIN3 prevalence due to potential lead time bias and/or random error (Step 2a), after data were adjusted for potential ascertainment bias in the IC arm (Step 2b) and after data were simultaneously adjusted for variation in CIN3 prevalence and ascertainment bias in the IC arm (Step 3) (Appendix Table 10 ).
A detailed description of data adjustments is in the main article reporting on the LSIL analysis, but we summarize briefly here. To adjust for variation in CIN3 prevalence (Step 2a), we calculated a weighted average of the prevalence of each state (i.e., normal, CIN1, CIN2, CIN3) across all 3 arms. To adjust for
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CAMPOS AND OTHERS potential ascertainment bias in the IC arm (Step 2b), we stratified women with CIN3 in the model based on whether they were HC2-or HC2+ at enrollment. Among the few women who were HC2-(<22: n = 2; 22-25: n = 4; 26-33: n = 2; ≥34: n = 4), we made no adjustment, as we had no better data to inform sensitivity of colposcopy in this subgroup. Among HC2+ and HC2 missing women, we further stratified on whether they were HSIL+ and <HSIL at enrollment. For those who had HSIL+ on enrollment cytology, we made no adjustment, given the similarity in colposcopic performance between arms in this subgroup. For women who were <HSIL on enrollment cytology, we used colposcopic performance data from women with a comparable profile (HC2+/HC2 missing, <HSIL) in the HPV arm. To simultaneously adjust for variation in CIN3 prevalence and potential ascertainment bias in the IC arm, we performed both adjustments simultaneously (Step 3).
When we used unadjusted trial data (Step 1), HPV triage had the lowest ICER across age quartiles, and the ratio became more attractive as age increased. In women <22 years, 3 repeat cytology visits were most effective but also the most costly strategy. Among women 22 to 25 years, IC was the most effective strategy but cost $4720 per CIN3 detected, relative to the $860 per CIN3 detected by the HPV arm. In women over 25 years, HPV triage was the most effective strategy and had the lowest ICER.
When we adjusted for variation in CIN3 prevalence (Step 2a), the ranking of strategies generally remained the same across quartiles, with HPV triage remaining the strategy with the lowest ICER. The only change in ranking occurred in women 22 to 25 years, with HPV replacing IC as the most effective strategy as well as the one with the lowest ratio. This occurred due to the relatively higher prevalence of CIN3 in the IC arm in the unadjusted data.
When we adjusted for potential ascertainment bias in the IC arm by substituting colpsocopic sensitivity from the HPV arm for women <HSIL (Step 2b), HPV continued to be the strategy with the lowest ICER in all age quartiles. The ranking of strategies was similar to unadjusted data, except for the fact that IC became the most effective strategy in women ≥34 years.
When we simultaneously adjusted for variation in CIN3 prevalence and potential ascertainment bias in the IC arm (Step 3), the ranking of strategies was the same as with unadjusted data; HPV triage was consistently the strategy with the lowest ICER. years old (IC arm) that was detected at 12 months; this was a major failure of the arm. We report exact binomial confidence intervals. IC = immediate colposcopy arm; HPV = HPV DNA triage arm; CM = conservative management arm; CIN3 = cervical intraepithelial neoplasia grade 3.
Performance of Management Strategy for Detection of CIN3
a. P values from Fisher exact test for comparison of age quartiles within each study arm. b. P values from Fisher exact test for comparison between study arms. The CM arm (overall), as opposed to by visit, was compared to other arms. c. Percentage referred is out of the total number of women in the arm, regardless of missed visits. For IC and HPV referrals, only enrollment visit referrals are considered. For CM referrals, the enrollment, 6-month, and 12-month visit referrals are considered. We present results for the CM arm overall and by visit; the number of women in the arm decreases by visit as we censor women with HSIL+ and/or colposcopy at previous visits. For HPV referrals, missing results were defaulted as positive and referred to colposcopy.
d. "Performance of management strategy for detection of CIN3" is defined as the probability of a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, or 12-month visit in the CM arm) among women in an arm who have a worst 2-year QC pathology group diagnosis of CIN3 and thus conveys the combined sensitivity of the triage test (in the case of the HPV and CM arms) and clinical center colposcopy at identifying women with CIN3. For the CM arm, we present results overall and by visit;
the number of CIN3 cases decreases by visit as we censor women with HSIL+ and/or colposcopy at previous visits. e. "Sensitivity of colposcopy for detection of CIN3" is defined as the probability of a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, and 12-month visits in the CM arm) among women in an arm who have a worst 2-year pathology group diagnosis of CIN3 who were referred to colposcopy; this measure assesses the performance of colposcopy within an arm and does not account for how women got to colposcopy. For the CM arm, we present results overall and by visit; the number of CIN3 cases by visit represents the number referred due to HSIL+ at that visit.
f. "Positive predictive value of colposcopy for detection of CIN3" is defined as the probability of having a worst 2-year QC pathology group diagnosis of CIN3 among women who received a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, or 12-month visits in the CM arm) at a clinical center. Note: Women with missing enrollment cytology were not included in this analysis. Colposcopic performance in the IC and HPV arms is evaluated at the enrollment visit and in the CM arm is evaluated at the enrollment, 6-month, and 12-month visits combined. We report exact binomial confidence intervals. We excluded 1 cancer case in the CM arm that was censored at enrollment but included 1 cancer case in the IC arm that was not detected until 12 months. HSIL+ = high-grade squamous intraepithelial lesion on cytology; <HSIL = less than high-grade squamous intraepithelial lesion on cytology (i.e., normal, ASC-US, ASC-H, LSIL); CIN3 = cervical intraepithelial neoplasia grade 3; HC2+ = Hybrid Capture 2 positive or missing at enrollment in the IC and HPV arms or at the visit of colposcopic referral for HSIL+ in the CM arm. a. Fisher exact test, comparing across study arms. b. "Sensitivity of colposcopy" is defined as the probability of a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, and 12-month visits in the CM arm) among women in an arm who have a worst 2-year QC pathology group diagnosis of CIN3 who were referred to colposcopy. "Positive predictive value of colposcopy" is defined as the probability of having a worst 2-year QC pathology group diagnosis of CIN3 among women who received a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, and 12-month visits in the CM arm Note: Colposcopic performance in the IC and HPV arms is evaluated at the enrollment visit and in the CM arm is evaluated at the enrollment, 6-month, and 12-month visits combined. We report exact binomial confidence intervals. HSIL+ = high-grade squamous intraepithelial lesion on cytology; <HSIL = less than high-grade squamous intraepithelial lesion on cytology (i.e., normal, ASC-US, ASC-H, LSIL); CIN3 = cervical intraepithelial neoplasia grade 3; HC2+ = Hybrid Capture 2 positive or missing at enrollment in the IC and HPV arms or at the visit of colposcopic referral for HSIL+ in the CM arm. We excluded 1 cancer case in the CM arm that was censored at enrollment but included 1 cancer case in women ≥34 years in the IC arm that was not detected until 12 months.
Appendix
a. "Sensitivity of colposcopy for detection of CIN3" is defined as the probability of a clinical center histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, and 12-month visits in the CM arm) among women in an arm who have a worst 2-year QC pathology group diagnosis of CIN3 who were referred to colposcopy. "Positive predictive value of colposcopy for detection of CIN3" is defined as the probability of having a worst 2-year QC pathology group diagnosis of CIN3 among women who received a histopathological diagnosis of CIN2+ (at enrollment in the IC and HPV arms; at enrollment, 6-month, or 12-month visits in the CM arm) at a clinical center. Women without enrollment cytology results were excluded. Note: Strategies are presented in order of increasing cost. ICER = incremental cost-effectiveness ratio; IC = immediate colposcopy arm; HPV = HPV DNA triage arm; CM = conservative management arm; CIN3 = cervical intraepithelial neoplasia grade 3.
a. Costs per hypothetical woman in the model are reported in 2010 US dollars. b. Effects are reported as cases of CIN3+ detected per 1000 women in the model. c. ICERs are reported as the cost per case of CIN3+ detected ($/case detected). d. Dominated strategy (i.e., was more costly and less effective than other strategies or had a higher ICER than more effective strategies). 
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Guidance for Adjusting RCT Data When Individual-Level Data Are Unavailable
Our adjustment of RCT data relied on individuallevel data from ALTS. It would have been difficult to undertake the present analysis to explore optimal management of LSIL by age group without individuallevel data, given that the main published findings from the trial were not stratified by age. Age-based evaluation aside, we could have adjusted ALTS data (albeit more crudely) without access to individuallevel data from the trial. We offer the following example as guidance to analysts seeking to adjust RCT data for economic evaluation without access to a trial dataset.
In the main publication on management of women with LSIL, the ALTS Group reported the relatively higher prevalence of CIN3 in the HPV arm relative to the IC and CM arms (although these were not significantly different). 25 The IC arm's lower sensitivity for CIN3 relative to the HPV arm was also noted (this difference was not significant either). As we demonstrate in the article, individual-level data allowed us to discern statistically significant differences in colposcopic performance within a clinical subgroup (HC2+, <HSIL).
However, even without individual-level data to examine and support mechanisms for potential bias or random error, an analyst could still note that the prevalence of CIN3 and colposcopic performance, both critical determinants of effectiveness/costeffectiveness of management strategies, were somewhat different between arms. Upon careful examination of trial design, which was well documented by the investigators, 15 an analyst could also hypothesize reasons for the unexpectedly low performance of colposcopy in the IC arm (i.e., a potential bias stemming from provider awareness of either arm or test result based on lag time for the colposcopic visit in the HPV and CM arms) and for differences in CIN3 prevalence (i.e., the use of 2-year cumulative CIN3 diagnosis as the primary outcome). Without individual-level data, adjustments for CIN3 prevalence would have been similar, based on figures published by study investigators. 25 Adjustment for provider bias would necessarily have been cruder. For instance, the investigators published the average HC2 positivity in CIN3 combined across all arms, which could have been used to roughly stratify women in the IC arm into those with a similar clinical profile to women referred to colposcopy in the HPV arm and those with a dissimilar profile. We could have adjusted colposcopic performance in the IC arm to resemble the HPV arm among HC2+ women and made no adjustment among HC2-women. A more liberal adjustment might involve using the same colposcopic sensitivity in the IC and HPV arms. These experiments would at least provide a sense of how costeffectiveness results are impacted and what the range of uncertainty is, depending on the extent of the bias. If such an adjustment contrasted from the unadjusted analysis and indicated a potential role for IC, then the analyst would be aware that the foundation of the unadjusted economic evaluation was tenuous.
APPENDIx NOTES
a. In this analysis of ASC-US women, as in the LSIL analysis, we excluded women with missing QC pathology diagnoses. We also excluded 1 case of cancer in the CM arm that was identified as CIN3 at enrollment. We included 1 case of cancer in the IC arm that was not detected until 12 months and was therefore considered a major failure of the arm. b. Model assumptions are comparable to those in the LSIL analysis. We assume reflex HPV testing.
NOTES
a. The name of the study, ALTS, includes reference to "ASCUS" as defined by the 1988 Bethesda System. However, in this article, we follow the 2001 Bethesda System and refer to the cytology result as "ASC-US." b. Due to the imperfect sensitivity of colposcopy, it is uncertain whether CIN3 detected late in the study may have missed prevalent or newly incident cases. However, a review of all records for CIN3 cases suggested that many represented missed prevalent disease rather than incident CIN3 (The ASCUS-LSIL Triage Study (ALTS) Group 2003). Given the lack of a gold standard, the detection of CIN3 at any time during the 2 years of the trial (i.e., worst 2-year QC diagnosis of CIN3) is the best proxy available for the presence of precancer at enrollment. c. There appears to have been statistically significant regression of missed prevalent CIN2 in the CM arm relative to the IC arm over the 2 years of the trial (comparisons to the HPV arm were not possible due to small numbers) (The ASCUS-LSIL Triage Study (ALTS) Group 2003). Despite modest gains in statistical power to detect differences in disease prevalence by including CIN2 as an end point of interest (Appendix Table 2 ), the tendency of CIN2 to regress makes it an unreliable indication of precancer. d. To be consistent with the protocol for the HPV arm, we assumed the 3 women with CIN3 in the IC arm with missing enrollment HC2 results were defaulted positive and included their colposcopy results in our analysis of performance. In the CM arm, all women with CIN3 who were HSIL+ and sent to colposcopy were HC2+.
